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THE DESIGN Atm OPERATIOIJ OF A;; 
• . EFFECTIVE MATH LABORATOn^-' 

Modern technology has brought about the introduction of 
much new terminology in education, eith-. directly or as a, spin- 
off. Such terms as programmed instruction., individualized 
instruction, self -paced instruction, computer assisted instruc- 
tion, dial access instruction, and modia oriented instruction 
are tut a few of the plethora of terns that are banded about 
in today's academia. 

At the oui-set oxvo position, and the position supported by 
this paper, is to be made clear; that the most effective in- 
struction for the total student population is that involving a ' 
close student-teacher relationship. It is the development, if 
-you will permit, the oxtension, of thnr >- -1 nt ionship that is 
the concern of this paper. The math 1^'.,- ttory is a .special 
case of the student-teacher -clationr.hip, it limits the discipline 
to one particular aroa; mathematics, .m-i the phyc i,-al. and socio- 
logical parameters are, for the -most javt, uniake those found in 
the traditional classroom. The parameter;- lescHbed herein are 
written in terms of remedial mathematics, althou.f,h this distinc- 
tion applies, with minor except ions, only to^'the section on 
faculty ahd ccmsoling. 

There are certain elements up-.n uhioh tho i-ncoossif a matlj 
lab depends. These '-lom*.-nt;„' wiJl bo discu;,;,o.i in the follov;ing 

. , 3 I 
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format : 

- Administrative Support 

- Personnel ' 
^ - Carrfculum Design 

- Flexibility in Design and Equipment 

- Professional Counseling J 

- Motivational Devices^ 

Several of these components. are either totally or rjartialiy 
beyond the control of the laboratory director. However, xx the 

t 

funds are available, personnel, materials, and equipment should 
be administratively controlle^d by the math lab personnel. Fig^ 



, r 



(1) illustrates s^ of the element r; of an individualized 
program. 
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Administrative Support : 

Financial Supp ort; laboratoriec' arc. expensive. At 

Alvin Conmiunity College the cost is aj^out $60 per student, one 
of the most expensive of all academic programs. There must be 
an institutional cpmmitment to support tha program within the 
operating budget. Excluding faculty Salaries, our annual 
budget is less than $10,000, of ;^Jiich ^'4,5f)0 is for student, 
help. \ ■ 

^ Pra^losQphical Suppor t; The math la-b is programmed for 
failure or mediocrity unless it is philosophically stpported ^ 
by the administration. ,The prcTgr^am must* be assured of a comr 
mitment that permits it to adjust and modify to fit the unique 
needs of the institution in vjhich it is fo'inded. -The freedom 
to make mistakes must exist. 

We would never assume to write -the rebope by which ari 
effectively operating math lab- can be -"cooVb^oked. " Conversely, 
we are , presenting those conditions vjhicjv, wheri'satisf led, will 
ensure the de^lopme^j^it of a successful laboratory. Flexibility 
is one of these es'&enti^ls ingredients , ani flexibility is 
provided only when the/efciministration shares the philosophy of . 
the mathematics labo/4tor_v. 
Personnel : 

In our math Ijrfs Fig., (2), we have in€trTictox-c , a lab 
supervisor, iand p?,er tutors directly involved with the student, 
while clerical personnel an'd typis^ts fill a supporting role. 

\ < 
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J One of the greatest dov7nfalls - -.-r/i j3h, that iSould 
otherwise have the elenents prerequ? ■-. " tr snbcp-^-^, is the 
assumption, and sub'nequent assignment b/*ocd upon that assump- 
tion, tiat 3 ^good instructox^ in the tfVirljti.-n-^l cV-«csroom 
be a suhcessful ins^tructor iv tho n:'-^h ]ab. \\\r PK-.th' lab 
instructoY" must be keerulv oonsiti to ^he u^o.^l'. of s!:u/ents. 



This instbuci<or mu^t rr-meir^her that -) miorirv of tbo remedial 
students in thcr^m.nth iLh .-rr-o toiluro .^>•5cnt•^]^, nu^jdf^ others have 
been away from f;ch?»^d 4onp onouf^b t(» hdvo lo-^t o^-t^'idence in 



their abilities. The no 



nl i • \7or4:jnf^ under new 
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circumstances that may lack the socioapgicil 4nforcement of Jhe 
traditional classroom. Each c|r»tact between the insti;uctor and 
the Student should result in a 'positive reir.forcement for the ' • 
student. 

It is most imperative that those r-ii-sonc who borne in dii'ect 
contact with students be student oricM i. 'They must be prepared 
to spend the majority of the day with then students .^IT^op^ed 



to working alone in their offices. Our Ic.b faculty is required : 
to spend 35 hours per week in the lab. They musr be able to 
perceive needs and; to seek. out students who need help. Many of 
these students are extremely reluctant to' ask for assistance . "' 
/€Jur lab is open from 8. a.m. - 4:^0 p.m. during the ^work- v' 
week Sand from 6:30 - 9:30 p.m. IIondav-Th.jrsday eveniAgs. Our - 
lab supervisor teacher the majority of ou^ Ilath 33 0 (arithmetic 
and basic algebra) students; 6(J of xhrzn students, along' with * 
her many other (%ities, are considered a full 3o^. The super-* 
visor has her desk in^the math ]ab and rl- L::. available during, 
all 'day lab/hours. She insures th.?t a;, individual folder* is • 

kept current on each s'tijdent . » The lab supervito- interviews and 

> ' • ' • * 

screens tutors. Once the tutors are hived, the lab supervisor 

arranges their work cchedulef and ihTdoc^r- 1 r, li ► v them in success- 
» 

ful t.utorihg. Since our iab Iso dctL, ac a clearinizhouse -^for 

\ ' _ _ ^ 

private tutoring, she maintain/ a list of quaJificd tutors whom 

= 7 L ■ t 

she puts in toucan with pox'snns cool-'inf, privat-c lutoring. 

' Peer Tutoring : Instructors sora' tim<^s |t"orr.i:t j/ie barrier 
that the ''^pov/er of the ,^r\-><ie" can ror^af.-i in terms oT rffoctive 
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communi<$ktions. Peer tutoring avoids this, problem;, students are 
more relax.ed with their' fellow stu^^cnts. A,, with any instructional 
person, students must respect the tutor if they are to learn/ so 
careful tutor screening is a definite requirement. 

We.strotigly 'be-lieve-in the value of peer tutors; however, 
^ we also recognize that they are young, inexperienced and re<}.uire 
close supervision. Our lab supervisor aiaintains constant sur- - 
^ veillanc6 of the entire lab and is able to assist tutors when ' 
they require help. 

We keep our lab open and staf fed-^uring the entire day 
because we do as much work for 'drop-in students seeking tutoring 
<5s w.e do in regularly scheduled Math 110 classes. In 'addition . • ---^ 
to their regularly scheduled classes many of our /llath 110 
^udents tjork in the lab at other times. 

\- I firirrly believe that, our personnel are the single most 
important factor in tho success of our math lab. Our tutors A^e 
recommended to uc by the mathematic-. df oar;:ment faculty; thus', 
ij;?' are- assured of their' preparation in math^s^tics They then 
updergo a care;^ul screening by the lab super^sor to determine 



their suitability for tutoring. We stress tUe importance o^f th§ 

tutor being able to dic;tinguish"'between what thev do' and d© not 

know and insuring that they tell th.e student when they do, not 

- know how to wor-k a cer'tain problein. Of course, thiv then seek 

help from the lab supervisor. A pleasant pe^ ;ona]ify^an^ the 

■ability to communicate ar*e qualities v;'^' requir-; of dUl our 

I 

^personnel, a3ong with haying empathy for the nCcds of others. 

-A tutor should "never appear condescending toi-^ard a student. 

• 8- 

.- • . . . . ■ j' 
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We subscribe to Abottt T utoring ' which is published by the * 
-National Association of Tutorial Services. We ask all our tutors 
to. read each issue of this publication. . 

Through our in-service training program we insure, that our 
tutors are famiHar with all of the/materials in the lab and 
^ that, they know hov; to operate all the media 'devices . 
\ In our tutor orientation we stress certain tutoring tech- ' 
niques such as beginning a tutoring session by asking the 

student (a) to -discuss his -difficulty , (b) to show the tutor " 

■ 

what work he has done^and (c) to discuss specific problems 
encountered in the/text. ^ 

In additi^ to our student tutors, we have two clerk- 
typists who ^rk in our lab approximately 12 hours each week. ^ 
The two gi/ls, who are majors in our secretarial science program, 
take caT/e of the bulk of typing and filing chores which are so 
neces/ary to a successful math lab. . 

'A ' ^ 

Cuin.''iculum Design ; ^ . 

Gurley [3:1] reacl^d the conclusion that "In general, small 
group instruction is more ef fecti\«^than either independent 
study or traditional' instruct ion~iiN4^proving developmental 
writing skills." l" suggest that /this conclusion can appropriately 
be extended to the teaching of mathematics .and that it should 
influence the curriculum desigii of the iriath lab. 

"'h'=» math lab at Alvin Community College opera-tes along two 
basic approaches: ' , 

(1) Supplemental laboratory. The student is refei'^red yy 
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the instructor or voluntarily 'comes in for help in a' 
specific area. When th4 student arrives in the lab, 
his nfeeds are disgnosed and materials appropriate to 
his needs are provided. When the student completes " 
the work assigned, an evaluation of his progress. is 
provided to the instructor. 

.Many types of self-instructional materials. are 
available to the student injthe lab. We strive to 
offer a variety of alternat/ learning path materials 
such as programmed texts, texts supported with audi^ 
tapes or filrjistrips or 35mm slides. ' / 

Scheduled class (maximum c^f 15 students). Students 

/ ■ / • r> 

may eledt to take our Mathematics 110 course/If they 
feel unprepared for r;egular mathematics courses. 
However, if an entering curriculum studetvt scores 
less than 14 on the mathematics portioh of the ACT or 
less, than 10th grade on the mathemairics portion of the 
California Achievement Test (CAT)/ he must take Math ^ 
110 before |oing on to the regular mathematics courses 
Fig. (-3) is a flow chart of the Math 110 program. 

All Math 110 students/take the math portion of 
•the CAT, either as a screening ^ instrument prior to 
ent-olling in the cours/ or after having been placed in 
the course by some ^ther means. The CAT provides the 
basic (diagnosis to determine, if the student is ready' 
for basic algebra or if he requires background work in 
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arithmetic. A need for arithmetic is indicated when 
ihis scores, as recorded in blocks A - G of the CAT 
test form, are less than: ' •''^ " 

A ^ B C 'd E " F G 

/ 

! ' , 11 n n ^ in _ in m m 

, If the CAT indicates a need in arithmetic, a close examina- 
tion of the CrtT Diagnostic Analysis of Learning Difficulty, ^e'e 
Fig. (4), is \made to determine which of the four basic modules, 
of the Addison-Wesley Arithmetic Se^-ies is needed. Once thi^ 
determination is made, the diagnog^ic pre-test is given, for that 
module and a plan of study is de*fesed for one module It a time. 
This approacl^has some disadvantages. For example, it is, not pos-. 
sible to give the student a plan 'of study over the entire. arithmetic 
series since a diagnostic test is given for each module, as it, is 
begun. It is, of course, possible to give a diagnostic pre-test ' 
over the first four modules; however, I strongly argue'against / 
this because knowledge gained in Module I cai?ries over to Module 

II, etc., and that a diagnostic testXover Modules I-IV, given at^. 

. . ' \ ' ' 

the beginning of Module I will not accurately reflect the student's 

needs when he reaches Modules II, III, and IV. 

The content of our instructional- materials range from basic 
arithmetic to statistics and calculus. Of course, we teach only 
arithmetic and basic algebra in, our Math 110 classes. The other 
course materials are used for tutoring and "supplemental instruc- 
tion, A word of caution is suggested when selecting the materials 
for your math lab. There is a vast array of materials available, 

12' . ' 
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• but \h<i ratio of worthwhile materials to others is quite low. 
Each semester we evaluate our materials and the aSegree to which 
they assist in accomplishing our learning objectives. We have 
been using our present basic algebra series for four years. 
However, we are t:onsidering a change primarily because the au<^o 
^ tape is directly tied to the programmed text. Wa find that many 
'-.students are either disinterested in, or obviously annoyed by, 
the audio tape. We are considering a program that offers the 
au^io tape as a supplemental aid to the programmed text. There 
are ether aspects that we consider essential to our basic algebra, 
program. We want the capability to plan a prescriptive program 
of study as the result of a diagnostic pre-tedt, or tests, and 
we">^t a comprehensive evaluation, upon completion of the program. 
The post-evaluation should relate to the pre-test .in order that 
we can measure change and final, exit level. ^ 

We believe that many program's have a weakness in that they 
do not obtain a total comprehensive measure that reflects some 
degree of retentive ability. We follow the practice of requiring 
the student to degjonstrate a certain level of profici-ency before , 
proceeding to the next unit of work. This practice, as illustrated 
in Fig. (5), sometimes means that the student re-tests two or 
three times on a given unit. We do not sug^st changing this 
practice; what we do suggest is that the possibility exists f or ■ 
students to eventually pass a given unit of work -nore through 
practice than understanding. To" maintain some degree, of academic 
integrity ^ must jxrovide evidence of subject matter retention. 

14 
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Math labs provide a service function. The recipients of. 
this service range from the students to the departments that will 
instruct the student in work dependent on the preparation received 
in the math lab. , If the math lab is to be crediLable, it must 
be able- to exhibit a satisfaction of the objectives it claims 
capable of fulfilling. We,beli6ve one way of doing this is through 
the use of standardized exams, the results of which are somewhat 
above question. - ^ , , 

The McHale-Witzke Arithmetic Series, used in connection with 

the CAT, satisfy our requirements for a good lab program. First, 

if. begins with whole numbers at a basic non-tactile level. The 

material is presented in a manner quite acceptable to adults. , 

There are many tests offered with this program; the tests vary 

from diagnostic,, to unit tests, to comprehensive t6sts over the 

entire series.- The diagnostic tests provide ease in prescriptive 

teaching, and the individual modules offer economy to those 

students who do not require the entire program. 

As with any viable program, ours has had some problems. One 
3- 

of the most serious is the number of incomplete grades that we 
have gi^en each semester. There are at least two .factors contrib- 
uting to this problem. First, we have continual /fenronment in 
Math 110. A student can drop a regular math cla?s at any time 
and add Math 110. Hence, we have students addii^g the class as 
late as the last few weeks of the semester. This factor is 
readily identified and accepted by all concerned since continual 
enrollment is encouraged in our program. 

16 
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The second factor is not so readilv Identified, but it 
involves the individual nature of the pror.ran, proper admini-fetra- 
tion (at -Che instructor level), and an imm-r.ct- amount of work on 
the part of the instructor. Most instructors v7ho have taught 
both in the traditional lock-step classroom and the completely 
individualized program will agree that,, u-hen done properly, the 
individualized program approach is more ci.-Mnding on the instruc- 
tor's time. The following excerpt is from a set of guidelines 
that were provided to our. math lab faculty. , * 

(1) Prescriptive Student File: 

(a) A file will be established on each Free Studies 
student. " 

(b) Initially the file will reflect the results of 
the prescriptive pre-test. The results will show 

the student's entry Abilities and development 

■ . ^ '-" 

needs. These needs must be translated into behav- 
ioral objectives. 

(c) A precise prescriptive plan of study will be 
designed. This pl^n will be in terms of the be-' 
havioral objectives to be completed. The plan of 
study will cMtehd to the exi-:: point which will be 

* defined for each student in tertns of their goals. 

(d) Each student v^ill be given an individual one-to- 
one interview dttriijg the first vjcck of class. 
During the initial iiitu-rview the student *will be 
apprised the overall program and the planned 

17 
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time frame for completing the program. The time 
frame will reflect the magnitude of the program 
(behavic--al objectives to be accomplished) and 
the student's individual learning rate, 
(e) Each student's file will be reviewed, with the 

student, every three weeks. The review will deter- 
mine the student's progression in terms of the plan 

/ 

initially ^designed for the student. The plan will 

J- 

be amended, if necessary, with each review. The 
student's file will reflect all reviews, the com- 
, pletioii of objectives, all revisions, and kny 
counseling sessic.is. The file will be treated 
conf ident ial ly / 
Attendance and Scheduling: 

(a) Tt has been,* and it will continue to be, the policy 
of the math lab to afford the greatest possible 
degree of f:P.exibility to students in terms of 
scheduling needs. 

(b) Flexibility is not to be confused with laxity. ' 

7 Students wilL be scheduled, ap much as possible, 

I 

in terms of their needs. However, once the agreed 
on schedule is' fixed, strict adherence thereto will 
be required. This is not to say that schedules 
cannot be revised. Basically, we are saying ^.that 
a minimum of three hours per week will be required 
in the mathematics laboratory. Additional sessions 
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, may be assigned when a student's review indicates 
less than satisfactory performance. 
(3) Measuring Change: 

Ca) Just as prescriptive entry' measuring instruments 
will be used in program desigr^, instruments 'will 
also be 'used to ascertain student 6hange (progress) 
, • and to establish the reliability of the program. 

(b) Both comprehensive pre^tests and comprehensive 
post-tests will be administered. The restalts of 
the two tests will establish' the change occurring 
in the student.' ' ' 

(c) One of the criticisms of the math* lab program has 
been that objective attainment has been in terms 

' individual objectives but never in terms of 

-■ retention. The coniprehensivo post-test will estab- 
• lish the attainment of exit level . objectives, bf a ' 
comprehensive nature. ' 
Flexibility in Design and Equipment ; ^ ' - 

Our present math lab does nAt depict an ideal, or close to' 
ideal, design. VJe began, as many\of you have or V7lll, with what 
was available. VJe will Tnove into ^ new lab in September, 1977. 
Fig. (6) depicts .a ty-pical math lab arrangement. 

I" 

Basically, the lab should have carrels that permit the 
application of various media devices to support the programmed 
text, tabl*6s where the instructor or■-tTr+^^:L^£^^ w with the 
students, a lab supervisor station raided for observation, and 
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small classrooms where the instructor ca;i hold discussions with 
small -groups (less than ten) of students. ■ 
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° ■ - Fig. (6) 

A wide assortment of equipment is in use in the various' 
•math labs that I've visited and most, of fhe'users seemed pretty 
well satisfied. The particul.^r e-quipment cScbign is not as impor- 
tant as having the Kinds of equipment rh^ir incurs flexibility. 
The equipment sbouJd enable the util j .-^.^tlon c^^ ^M^inu). types of 
media as opposed to being restri-ctf-d t:o a pcirticular type ofv^ 
software or perhaps' a single companv'-. prrx'ijct . . 
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The following comments indicate the equipment' in the Alvin 
Community College math lab. This equipment serves us well, but 

don't suggest ihat you need identical equipment^, to be success- . ' 
ful. . ■'■ ■ ' 

We a-se a carrel-to-student ratio of 1:30. Most of 4:he carrels ' 
are equfpped with Kodak Model AF-5 slide projectors. .All are 
equipped Mth a Wollensak Model 2505 or 2555 cassette tape player. 
All of the carrels have a 90° offset projection ability in addition' 
to^^uilt-in screen. Our carrels can be equipped with filmstrip 
viewers and filmloop /iewer.<=. These viewers are available from 
the lab supervisor. . ■ *• - 

Sony video tape player-recorders .are available so thai: any 
mathematics program available on the educacional T.V. cha?inel can 
be taped for u^e in the lab. ■ We- also have storage for a number 
of video cassettes that will be needed over a long period of time. 

Our math labels located adjacent to the library; henoe, the 
microfilm reader is convenient for tho;.o sl4)d^nts who need text- 
book material stored on microfilm. 

Our tape duplicator is in constant use- Students arc aUowed" 
to check out copies of tapes; however, they must be returned. 
Professional Counseling : 

• ' Roueche and Kirk [7^, in their bodk on remedial f^ducation, ^ 
li'^t effective counseling as one of the ne>::ont5al ingredients of 
a successful remedial progiMm, One of tie mosi: prevalent defi- 
ciencies noted in math'lah)n is the abccn'-e of professional r, 
counselirig. 
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There ar>e many causes for academic fall^i^e. Some of^th 
causes ^c^n be "successf^illy dealt with by the instructor. 0 
hov/evei-, r'equire the assistance of prof e3sional_ counselors'. , 
Counselars. ^should, handle the problems reculting from emot'ipnal 
disorders" as well as -vocational couh$eling. Many remed/al student 
have unrealistic goals, unrealistic in -i^x-^ms of their' Abilities.. • 
The instructor or lab' supervisor, bedause of their close 'contact 
withfthe stiiden*-, is in an' excellent position to ^i^eive these 
problems and. bring them to the attention of a counselor.. ' ^ 
Motivational 'Devices : 

I 

Motivation has always been tlie unknown quantity in^ education 
We don't pretend to have found the panacea to this ill. VJhat we 
do suggest is that any element that* ^an be introduced into the 
math -lab, that inc^reasep the student's interest in being theCe 
^and causes him to lobTc forward to going there, will^nhance the " 
overall success of the laboratory. 

In our lab we have a computer 'term inal with a> c'rt (cathode 
•ray tube) display. There are some arithmetic drills that^ can be 
practiced, but most of the users play skill games. " ■ 

We look fo-r skill devices that can be .expected to stimulate' 
the mind even though they may not be directly 'related to mat he- 
matics. Such games as chess, go, and'tho WFF'N Proof [13] games 
of On pets, Equations, and Tri-Mim are ■oi-rdmpleG of stimulating 
and inext)ensive. games that can be housed in tho math lab. The 
game area shouldj be located ,in a place that-will not of fer dis- 
traction to the instructional area. ^ 
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IN CONCLUSION: 7 

Our program has enjoyed some success. FoUowup studies show 
that 80% of those completing our pi-ogram Tra;:o a grade of "C" or 
•better in subsec^iaent mathematics courses; We hav3 also, adminis- 
tered the Aiken-Drqger Revised Mathematics Attitude Scale. On 
this scale, ifO is considered neutral, w-ile less than UO indicates 
a negative attitude and more than 40, a pocitive attitude. The 
mean pre-test score was 35.6 and the mean post-tert score was ■ 
48.9. We believe the lab environment has contributed to an 
attitude change from negative to positive. 
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SOURCE or SOFTWARE SUPPL?;,_rS 



9. Addison-Wesley Publishing Co., Inc. . ff.i ! e-v/itske Arithmet 



Reading", Mass. 01867 



10. CTB-McGraw-Hill Book Co. . 
Order Service Dept. 
Manchester Road * 
Manchester, Missouri 63011 

11. Lansford 
P.O. Box 8711 

San Jose, California 95155 

12. Science Research- Associates, Inc 
15U0 Page Mill Road 

Paid Alto, California 94304 

13. WFF'N PROOF ' 

1U90-UL South Boulevard 
Ann Ai-"bor, Michigan 4810^{ 
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